Spatial attention relatively increases the power of neural 10-Hz alpha oscillations in the hemisphere 19 ipsilateral to attention. The functional roles of lateralised oscillations for attention are unclear. Here, 20 20 human participants performed a dichotic listening task under continuous transcranial 21 alternating current stimulation (tACS) at alpha (10 Hz, vs sham) or gamma (47 Hz, vs sham) 22 frequency, targeting left temporo-parietal cortex. Participants attended to four spoken numbers 23 presented to one ear, while ignoring numbers on the other ear. As predicted, we found that alpha-24 tACS contralateral to the attended ear decreased recall of attended targets. Notably, gamma-tACS 25 reversed the effect. Results provide a proof of concept that externally amplified oscillations can 26 enhance spatial attention and facilitate attentional selection of speech. Furthermore, opposite 27 effects of alpha versus gamma oscillations support the view that, across modalities, states of high 28 alpha are incommensurate with active neural processing as reflected by states of high gamma.
Introduction
3 lateralisation of neural oscillations, with relative high alpha power in auditory and parietal cortex 66 regions in the hemisphere ipsi-versus contralateral to the focus of attention (Fig. 1B, left; 17) . Here, 67 we aimed at increasing the amplitude of participants' lateralised oscillations during dichotic 68 listening using left-hemispheric tACS at alpha (10 Hz) or gamma (47.1 Hz) frequency. 69 70 71 Figure 1. (A) Dichotic listening task. A cue tone on one ear (left in this example) indicated the to-be-attended side on this 72 trial. Four spoken numbers were presented to the left ear, and four different (same-talker) numbers to the right ear. The 73 task was to select the four to-be-attended numbers (i.e., targets) from a visually presented number pad shown after the 5 the left or right hemisphere during dichotic listening but did not observe hemisphere-specific 130 performance modulations (33). To the contrary, the opposing effects of left-hemispheric alpha-131 versus gamma-tACS observed here show that externally amplified lateralised oscillations modulate 132 the focus of auditory attention in a frequency-specific way: tACS-increased alpha oscillations 133 inhibit, while tACS-increased gamma oscillations facilitate, the attentional selection of speech 134 presented contralateral to the stimulated hemisphere. Thus, both lateralised alpha and gamma 135 oscillations exert a functional relevance in auditory spatial attention.
136
Our participants were stimulated continuously for 25 minutes and, since the trial timing was not 137 fixed but depended on a participant's response speed, the onsets of auditory events (cue tone and 138 numbers) were randomly distributed across the cycle of the stimulated alpha or gamma oscillation. auditory cortex enhanced auditory responses in the EEG (36) and improved auditory gap-detection 147 performance (37). Together with these studies, our results support the view that gamma-tACS can 148 facilitate auditory processing and thus affects auditory spatial attention inversely compared to 
154
-0.011; F1, 4377 = 0.67; p = 0.413). We assume that this is due to our left-hemispheric locus of 155 stimulation, which, due to the contralateral organization of the human auditory system, modulated 156 auditory processing of task-relevant target speech in attend-right trials but processing of task-6 induce stronger performance modulations in attend-left trials. But functional asymmetries of left 166 versus right auditory cortex regions could further complicate this reasoning (39, 40) .
168
Functional roles of lateralised alpha and gamma oscillations. The pattern of our results is in 169 striking accordance with the hypothesised roles of lateralised inhibitory alpha and facilitatory 170 gamma oscillations for spatial attention (Fig. 1D ). It is important to note, however, that even 171 experiments employing perturbation techniques such as tACS allow only limited causal inference 172 (41). For instance, it might be that tACS-increased lateralised alpha oscillations causally inhibit 173 neural processing in the stimulated brain regions, whereas tACS-increased gamma oscillations are 174 causally ineffective by themselves but instead provide a means to decrease the power of causally 8 1.2 s). Auditory materials were presented via Sennheiser HD 25-1 II headphones. In one run of the 233 experiment a participant performed 110 trials, which took on average 26'31'' (±2'4'' SD) to 234 complete. Trial order was fully randomised with the constraint that the spatial cue appeared on the 235 left side in half of the trials in each run. 236 tACS stimulation. We used a lateralised tACS stimulation setup, which was designed to target left-237 hemispheric posterior superior temporal gyrus (pSTG) and surrounding auditory and parietal 238 cortex regions. Round electrodes of 3 cm diameter were placed at sites FC5 and TP7 according to 239 the international 10-10 system. Electrode impedance was kept below 10 kΩ. The stimulator (DC 240 stimulator plus, Eldith, 419 NeuroConn, Ilmenau, Germany) emitted a sinusoidal alternating current 241 with no DC offset at frequencies of either 10 Hz (alpha) or 47.1 Hz (gamma) at a strength of 1 mA 10 0.002; η 2 P = 0.41) and session × stimulation × to-be-attended side interaction (F1, 19 = 7.63; p = 0.012; 304 η 2 P = 0.29).
305
Furthermore, it is critical in the present study to control for possible changes in proportion 
